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(54) OPTICAL DEVICE 

(57)Abstract: 

PURPOSE: To reduce a flare light in an 
optical device for loading in an artificial 
satellite. 

CONSTITUTION: In an optical observation 
j device in which plural spectral filters are 
provided between an image forming optical 
system and an image sensor to detect the 
image formed by the image forming optical system, those spectral filters are 
made in wedge form spectral filters 7, and plural wedge glasses 8 are provided 



7 7 




between the wedge form spectral filters 7, so as to function as a parallel plane 
plate as the whole by combining with the wedge form spectral filters 7. 
Consequently, a flare light can be reduced while the influence given to the 
optical function is limited to the minimum level. 

LEGAL STATUS 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Between the image sensors which detect the image formed of image 
formation optical system and this image formation optical system In the optical 
equipment with which the part optical filter of one sheet in which only the whole 



surface has a reflection factor more than predetermined has been arranged said 
spectrum - a field with the reflection factor more than predetermined [ of a filter / 
said ] is inclined to an optical axis ~ making - said spectrum - the cross-section 
configuration of a filter - a wedge configuration, nothing, and said spectrum — 
the optical equipment characterized by putting wedge glass side by side so that 
it may be combined with a filter and may act as a plane-parallel plate as the 
whole. 

[Claim 2] Between the image sensors which detect the image formed of image 
formation optical system and this image formation optical system In the optical 
equipment with which the part optical filter of one sheet in which both sides have 
a reflection factor more than predetermined has been arranged Both sides of the 
aforementioned part optical filter are made to incline to an optical axis. The 
cross-section configuration of the aforementioned part optical filter A wedge 
configuration and nothing, And it is optical equipment characterized by putting 
wedge glass side by side so that it may be combined with the aforementioned 
part optical filter, it may act as a plane-parallel plate as the whole and it may put 
from the aforementioned part optical filter order. 

[Claim 3] between the image sensors which detect the image formed of 



image-formation optical system and this image-formation optical system - two or 
more spectra - the optical equipment with which the filter has been arranged - 
set — said spectrum — the cross-section configuration of a filter — respectively — 
a wedge configuration , nothing , and said spectrum — it is combined with a filter 
and it acts as a plane-parallel plate as the whole - as -- said spectrum — the 
optical equipment characterized by to put side by side two or more wedge glass 
between filters . 

[Claim 4] Optical equipment according to claim 3 characterized by having made 
incline to an optical axis and opposed fields with the reflection factor more than 
predetermined [ of a part optical filter without the wavelength field common to a 
reflected wave length band ], and combining them. 

[Claim 5] the field on the optical surface of the image formation optical system 
which participates the numerical aperture of image formation optical system in 
NAS and flare light, or a spectrum - the following formulas are filled when the 
refractive index of NAF and a part optical filter is set to n for the numerical 
aperture which looks at the field on a filter side from the image surface, and 
serves as the greatest solid angle — as — a spectrum — claims 1-4 characterized 
by defining the vertical angle alpha of a filter - either - the optical equipment of 



a publication. 
[Equation 1] 

sin (20z) > ( N As + NAf) 
[Equation 2] 

[Claim 6] the time of being formed by the catoptric system in which image 
formation optical system has main electric shielding — said main shield factor — 
responding — a spectrum — claims 1-4 characterized by determining the vertical 
angle of the wedge of a filter - either — the optical equipment of a publication. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical system for reducing 
the flare light which affects especially optical-character ability about the optical 



tracker for satellite loading. 
[0002] 

[Description of the Prior Art] As image formation optical system of optical 
trackers for satellite loading, such as spectroradiometer using the wavelength of 
a broadband, many catoptric system is used conventionally. An inside omission 
[ of a skein grain system etc. ] reflective system is used especially in many cases. 
In the optical field, the name is usually used for an omission during the above 
which appears by the reflective system main electric shielding and henceforth 
[ call pig ]. 

[0003] The conventional example of the optical tracker which makes the skein 
grain system 1 image formation optical system is shown in drawing 6 . 
Wavelength division is carried out with a dichroic prism 3 at optical-path division 
and coincidence, and primary mirror 1a, secondary mirror 1b, and the light 2 that 
the sequential echo was carried out and was injected obtain two or more 
wavelength bands a little larger than a target wavelength band. The image 
sensor 4 was placed on the focal plane of the skein grain system 1 , and in order 
to carry out the spectrum of two or more above-mentioned a little large 
wavelength bands even to a still narrower wavelength band and to use them for 



it, the optical surface was installing the parallel parallel flat-surface part optical 
filter 6 of each other so that the optical surface which light penetrates ahead of 
the image sensor 4 might become vertical to an optical axis 5. 
[0004] 

[Problem(s) to be Solved by the Invention] Since a single or two or more parallel 
flat-surface part optical filters 6 were arranged in the Prior art like the above so 
that an optical surface might become vertical to an optical axis 5, As shown in 
drawing 7 , it is again reflected with the parallel flat-surface part optical filter 6, 
and the light reflected from the front face of the image sensor 4 arranged behind 
the parallel flat-surface part optical filter 6 carries out incidence to the image 
sensor 4. While flare light which covered the image by the white bail occurs and 
degrading optical-character ability, such as resolving power, there was a trouble 
of degrading the radio metric engine performance as a radiometer. 
[0005] This invention was made in view of such a conventional trouble, and aims 
at offering the optical equipment which reduces the above-mentioned flare light. 
[0006] 

[Means for Solving the Problem] the single spectrum with which, as for this 
invention, an optical tracker has a reflection factor more than predetermined only 



for the whole surface — in consisting of filters, it becomes a slant face to an 
optical axis about that field — as - a wedge configuration and nothing - it 
constitutes so that wedge glass may be further put side by side and committed 
as a plane-parallel plate collectively. 

[0007] moreover, the single spectrum with which, as for this invention, both sides 
have a reflection factor more than predetermined - in consisting of filters, it 
• becomes a slant face to an optical axis about both sides — as — a wedge 
configuration and nothing - it constitutes so that wedge glass may be further put 
side by side and committed as a plane-parallel plate collectively before and after 
that. 

[0008] When consisting of two or more part optical filters, this invention makes 
each part optical filter a wedge configuration, and it arranges two or more wedge 
glass so that it may work as a plane-parallel plate as a whole between each 
wedge configuration part optical filter. 

[0009] the spectrum of plurality [ invention / this ] furthermore - the case where it 
consists of a filter - each - a spectrum -- it constitutes so that fields without a 
wavelength field common to a reflected wave length band among fields with the 
reflection factor more than predetermined [ of a filter ] may be made to counter 



and it may consider as an inclined plane. 

[0010] Moreover, in case this invention determines the wedge configuration of a 
part optical filter, it is determined that that vertical angle fills a predetermined 
formula from the numerical aperture of image formation optical system, and the 
numerical aperture obtained from the solid angle in which the flare participates. 
[0011] When image formation optical system has main electric shielding, this 
invention also takes into consideration the numerical aperture obtained from the 
solid angle in which main electric shielding participates, and determines the 
vertical angle of the wedge configuration of a part optical filter. 
[0012] 

[Function] When an optical tracker consists of single part optical filters with 
which only the whole surface has a reflection factor more than predetermined, 
the flare reduces this invention by leaning that field to an optical axis in order to 
act so that the multiple echo light of those field and optical elements other than a 
part optical filter may not go into the sensitization field of an image sensor. The 
aberration generated by making a part optical filter into a wedge configuration 
with constituting so that wedge glass may furthermore be collectively put side by 
side and committed as a plane-parallel plate is reduced. 



[0013] Moreover, by making both sides incline to an optical axis, when both 
sides consist of single part optical filters which have a reflection factor more than 
predetermined, in order to act so that the multiple echo light of both sides and 
optical elements other than a part optical filter may not go into the sensitization 
field of an image sensor, the flare decreases. The aberration generated by 
having made the part optical filter into the wedge configuration with constituting 
so that wedge glass may furthermore be collectively put side by side and 
committed as a plane-parallel plate before and after that is reduced. 
[0014] two or more spectra — the case where it consists of a filter — each — a 
spectrum — making a filter into a wedge configuration — the slant face of each 
wedge configuration part optical filter, and a spectrum — in order to act so that 
multiple echo light with optical elements other than a filter may not go into the 
sensitization field of an image sensor, the flare decreases. The aberration 
generated by having made the part optical filter into the wedge configuration by 
arranging two or more wedge glass so that it may furthermore work as a 
plane-parallel plate as a whole between each wedge configuration part optical 
filter is reduced. 

[0015] Moreover, although reduction of aberration can be aimed at in the 



reduction list of the flare by taking the configuration like the above when 
consisting of two or more part optical filters further — each « a spectrum — 
generating of the interference fringe by the echo between the slant faces which 
faced each other can be prevented by constituting so that fields without a 
wavelength field common to a reflected wave length band among fields with the 
reflection factor more than predetermined [ of a filter ] may be made to counter 
and it may consider as an inclined plane. 

[0016] By setting the vertical angle of the part optical filter of a wedge 
configuration that mutual numerical aperture does not overlap using a 
predetermined formula from the numerical aperture of image formation optical 
system, and the numerical aperture obtained from the solid angle in which the 
flare participates, the flare can be reduced by the necessary minimum vertical 
angle, and the yield of the aberration for which it depends on a vertical angle at it 
and coincidence can be stopped. 

[0017] moreover, the numerical aperture obtained from the solid angle in which 
main electric shielding participates when image formation optical system has 
main electric shielding - taking into consideration « a spectrum — by 
determining the vertical angle of a filter, possibility that it can stop further from 



the above-mentioned produces the necessary minimum include angle of a 

vertical angle, and the operation which stops the yield of the aberration 

depending on a vertical angle further is carried out. 

[0018] 

[Example] 

Example 1. drawing 1 is drawing showing the first example of this invention, and 
it consists of the wedge configuration part optical filter 7 and the wedge glass 8 
which were formed into the wedge configuration, it is together put so that a 
mutual inclined plane may counter, and it consists of cases where it consists of a 
part optical filter of one sheet in which only the whole surface has a reflection 
factor more than predetermined so that the whole may act as a plane-parallel 
plate. 

[0019] Before explaining drawing 1 , how to remove flare light based on drawing 
6 in case a part optical filter is a plane-parallel plate, and drawing 7 is explained. 
It is NAS about NAC and NA of image formation optical system in the numerical 
aperture (NA) when expecting main electric shielding from the image surface in 
drawing 6 . It carries out. Furthermore, it is NAF about NA used as the greatest 
solid angle at the time of expecting the field on the parallel flat-surface part 



optical filter 6 which participates in flare light from the image surface, when all 
the field angles are considered, as shown in drawing 7 . It carries out. The light 
the light reflected between the parallel flat-surface part optical filter 6 and the 
image sensor 4 carried out [ light ] incidence to the image sensor 4 in drawing 7 
which showed signs that it became flare light reflects, and with the return parallel 
flat-surface part optical filter 6, it participates in the image sensor 4 as a flare 
light after an echo, and it participates in incidence and the sensitization field 9 as 
a flare light again. The beam of light of be [ it / only the beam of light reflected 
inside the reflective field 10 ] which involves as a flare light is clear. Only the 
thing on the parallel flat-surface part optical filter 6 corresponding to this 
reflected only in the field 1 1 in part involves simultaneously. It is drawing 3 which 
showed the relation of these NA. 

[0020] Since the image sensor is assumed to be the line sensor of the single 
dimension extended in the direction of Y in drawing 3 , it is NAF. It has an 
abbreviation ellipse form. Now, since NA of the flare of the direction of Y is large, 
the whole surface of a part optical filter is made to incline in a Z direction. At this 
time, the flux of light range 12 of flare light shifts out of a shaft, and is tilt-angle 
thetaZ of a part optical filter. If "a-three number" is satisfied, as shown in drawing 



4 , flare light will be left besides an effective diameter and will disappear 
thoroughly, if it shifts in the direction of Y - the - it shifts, and an amount must 
be enlarged and is unrealizable. 
[0021] 
[Equation 3] 

s i n (2 *z) > (N As + N Af) 

[0022] Drawing 5 is NAS as an example. 0.2 and NAC 0.05 or NAF Change of 
the flare quantity of light when being referred to as 0.02 and referred to as 
SIN(2thetaZ) =theta is shown. For removing flare light thoroughly, theta must be 
larger than 0.22. 

[0023] NAS NAC Tilt-angle thetaZ which will make flare light max in the medium 
of the condition by which it was shown in both drawings if drawing 3 is compared 
with drawing 4 , since the common area of the field and the flux of light range 12 
of flare light across which it faced turns into a field which generates flare light It 
turns out that it exists. Moreover, in the right-hand side of "a-three number", it is 
NAC. It is clear to consist of not being contained similarly to general dioptric 
system without main electric shielding. When there is no main electric shielding, 



the condition of generating the greatest flare light is the case where there is no 
dip in the field of a part optical filter, when the core of the flux of light range 12 of 
flare light is in origin of coordinates like drawing 3 that is,. NAF Although it is the 
flare light generated between a parallel flat-surface part optical filter and an 
image sensor, the optical member which constitutes the image formation optical 
system ahead of a parallel flat-surface part optical filter from actual optical 
system is also related. NAF It cannot be overemphasized that it must be chosen 
as NA which expects a field also including these optical members from the 
image surface, and serves as the greatest solid angle. 

[0024] However, according to "a-three number", it is tilt-angle thetaZ so that flare 
light may be vanished thoroughly. When it is going to ask, the tilt angle may 
become less realistic [ become large too much and ]. In the case of the optical 
system which has main electric shielding, it is NAF. NAC It is suitable tilt-angle 
thetaZ by size relation. It can ask. NAF NAC Although there is no flare when 
small, it is tilt-angle thetaZ. If M a-four number" is not filled, flare light will occur 
conversely. 
[0025] 
[Equation 4] 



0<S i n (2 6z) < (NAc-NAf) 



[0026] If it states in more detail, flare light arises in the range with which are 
satisfied of "a-five number", and it is tilt-angle thetaZ. It responds and the flare 
quantity of light changes. 
[0027] 
[Equation 5] 

(NAc-NAF)<$in(2ez)<(NAs + NA F :> 

[0028] Moreover, NAF NAC It is large, or flare light arises in the range in which it 
does not materialize "a-three number" in being equal, and it is tilt-angle thetaZ. It 
responds and the flare quantity of light changes. 

[0029] It is tilt-angle thetaZ so that "a-three number" may not necessarily be 
realized like in the case of the optical system which was mentioned above and 
which has main electric shielding, in order to prevent flare light. It turns out that 
there is no need of asking. It is merely tilt-angle thetaZ so that clearly [ in old 
inequality ]. A solution cannot be found uniquely. Tilt-angle thetaZ Aberration 
degradation of the optical system produced by making the optical surface of a 
part optical filter incline limits the range of a solution further. 



[0030] Generally, if a parallel flat-surface part optical filter is made to incline to 
convergence light, astigmatism will occur and the amount dZ of astigmatism will 
be given by the formula of "a-six number." 
[0031] 
[Equation 6] 

dZ = d H c o sz g ) 

• ncose* V c o s2«' J 

[0032] The incident angle to the filter of n and a chief ray is made to theta, and 
angle of refraction is made [ the thickness of a filter ] into theta' for d and a 
refractive index here. Now, since this dZ must not exceed the amount of 
astigmatism permitted as optical system, the incident angle theta to the parallel 
flat-surface part optical filter permitted from that permissible dose is determined. 
That is, mutually, the tilt angle to the optical axis of the interface of an parallel 
medium is restricted to the permissible dose of astigmatism, and restrains the tilt 
angle for flare clearance. 

[0033] Now, by old explanation, it is tilt-angle thetaZ of a part optical filter. It was 
the include angle which considered the part optical filter to be a plane-parallel 
plate. In this example, a parallel flat-surface part optical filter is used as a wedge 



configuration part optical filter. Then, tilt-angle thetaZ of a rear-face reflector with 
the effectiveness of the same flare light clearance It is expressed with "a-seven 
number", when are asked for relation and the refractive index of a part optical 
filter is set to n. 
[0034] 
[Equation 7] 

[0035] Now, drawing 1 is explained based on the above explanation. Having a 
reflection factor more than predetermined [ sufficient ] for a part optical filter 
consisting of one sheet first, and only for the whole surface serving as a harmful 
flare light, the field of another side shall be a reflection factor below 
predetermined. In order to remove flare light, an optical filter is made that much 
into a wedge configuration so that a field with the reflection factor more than 
predetermined may be made into a slant face. A vertical angle shall be 
determined by "a-three number" and "a-seven number" in that case. The wedge 
glass of one sheet with the same vertical angle is added so that it may become a 
plane-parallel plate further as a whole. In this case, as for both sides of wedge 



glass, an antireflection film is usually given. If the device to which the wedge part 
optical filter 7 and wedge glass 8 are moved along the dip direction is 
established at this time, since it becomes possible to change the optical path 
length, a role of an object for focus control can also be given. 
[0036] Since the inclined plane of the wedge configuration part optical filter 7 and 
wedge glass 8 goes so that it may become parallel mutually, and it constitutes 
the forefront side and last side as an parallel plane-parallel plate at right angles 
to an optical axis, and mutually, it is suppressing generating of astigmatism. 
Although the amount of astigmatism is proportional to the thickness of a filter so 
that more clearly than "a-six number" As opposed to there being a limitation in 
the astigmatism yield stopped inevitably from the ability of thickness of glass not 
being made thin to several mm or less on structure and processing, in leaning a 
parallel flat-surface part optical filter Since the medium of the clearance between 
the inclining fields serves as air or a vacuum when leaning a field by 
wedge-ization of a part optical filter, the aberration which will be generated if the 
clearance can be made thin and carries out an optical contact further to dozens 
of microns can be suppressed thoroughly. 

[0037] The second example of example 2., next this invention is explained. 



Drawing 2 (a) shows an example when both sides use the wedge configuration 
part optical filter 7 of the reflection factor more than predetermined. The vertical 
angle of a wedge is searched for as twice of alpha by "a-three number" and 
"a-seven number", and the inclined plane of the wedge configuration part optical 
filter 7 is made to incline mutually first by the opposite direction. This wedge 
configuration part optical filter 7 order is put with wedge glass 8 so that it may 
become a plane-parallel plate as a whole. Although the amount of astigmatism 
generated like the first example is lessened, since 2 sets of inclined planes 
which faced each other serve as the alternate dip direction and generating of 
comatic aberration is controlled/degradation of optical-character ability is 
prevented more. 

[0038] Example 3. drawing 2 (b) shows the third example of this invention. 
Although this example is the case where it consists of a wedge configuration part 
optical filter 7 of three sheets, when consisting of a part optical filter of two or 
more sheets, the flare can be removed by repeating and applying the 
configuration of the second example. That is, what is necessary is just to insert 
wedge glass 8 between each wedge configuration part optical filter 7. However, 
if the wedge configuration part optical filter 7 with which the whole surface 



serves as a reflection factor below predetermined is contained, there will be no 
change in the effectiveness of making the field and the field of other wedge 
configuration part optical filters 7 countering, and reducing the flare also as a 
slant face. 

[0039] If the common range should be located in the reflected wave length band 
of the inclined plane where the wedge configuration part optical filter 7 
furthermore faced each other, since mutual spacing is about dozens of microns, 
by mutual field echo, the interference fringe called the Newton ring occurs and it 
serves as a ghost's generating. If the field 13 without the common range is 
located in the reflected wave length band of the inclined plane of other wedge 
configuration part optical filters 7 in order to prevent this, it is solvable by making 
it counter with the field of the wedge configuration part optical filter 7, and 
considering as a slant face. 
[0040] 

[Effect of the Invention] As mentioned above, when a sheet of part optical filter 
consists [ the field of the reflection factor more than predetermined ] of one sheet, 
it can reduce flare light, this invention stopping the effect affect optical-character 
ability by adding wedge glass, and constituting so that the whole may act as a 



plane-parallel plate to the minimum while wedge-izing a part optical filter. 
[0041] moreover, the spectrum of one sheet in which both sides have a reflection 
factor more than predetermined — the case where it consists of a filter — the 
spectrum «- while wedge-izing a filter, it acts as a plane-parallel plate as a whole 
— as - a spectrum - flare light can be reduced by considering as the 
configuration which put the filter with wedge glass from order, stopping the effect 
affect optical-character ability to the minimum. 

[0042] further two or more spectra - the case where it consists of a filter - said 
spectrum of one sheet - flare light can be reduced, stopping the effect affect 
optical-character ability by arranging two or more wedge glass between each 
wedge configuration part optical filter to the minimum so that it may act as a 
plane-parallel plate as a whole on the basis of the configuration realized to a 
filter. 

[0043] If it is the part optical filter with which the common range does not exist in 
the reflected wave length band of the reflection factor more than predetermined, 
even if directly facing each other, equivalent effectiveness will be acquired 
without inserting wedge glass. 

[0044] And flare light is removable by generally determining the vertical angle of 



each wedge configuration part optical filter and wedge glass with "a-three 
number" and "a-seven number." 

[0045] Supposing main electric shielding has image formation optical system by 
the reflective system, even if it is below the vertical angle determined by 
"the-three number", the effectiveness that the flare can be reduced will be 
acquired. 



[Translation done.] 
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